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August 8 ,  1967 

Mr. R .  L. Ber ry  
Missilon Analysis Branch I MPAD 
Flannecl Spacec ra f t  Ccmter 
Nationa’l- Aeronaut ics  and Space Admin i s t r a t ion  
Houston, Texzs 77058 
Co.Ze : p;*15 

Dear Ron : ‘ 

Enclosed you will f i n d  t h e  punched deck of cai’ds 
r e p r e s e n t i n g  t h e  po:,-ftred f l i g h t  t r a n s i t i o n  matrices for t h e  
Transe i l r th  X ~ j e c t i o n  IilCineuver usint: t h e  SCS AV mode. 
s u r e  2 i s  B l ls t i r ,z  Gf t h e  c!eck, Enc losu re  3 is 8 1191; of 
the e r r o r  sou rce  v a l u e s  used I n  g c n e r n t l n g  t h e  mntriccs. 

The m a t r i c e s  a r e  I n  t h e  S e l e n o c e n t r i c  coord ina te  
systeix v a l i d  f o r  thz n e a r e c t  B e s s e l l a n  1:ew Year (1968). 

t 

Enclo- 

The r e f c r e n c c  t r n j  c c t o r y  used  was b a s i c a l l y  t h e  
5 O l i  P r e l i ~ n i n n r y  Hcl’crence t r a j  c c t o r y  a l though sone r e t a r g e t i n p  
VES done so t h a t  t h e  s p a c c c r a f t  ach ieved  t h e  re ference  E n t r y  
c o n d i t i o n s  w i t h  a n  SC5 AV %ode T E I .  Enc losu re  11 lists t h e  
v e h i c l e  s t a t e  v e c t o r s  a t  t h e  time of eng ine  i g n i t i o n  and at: 
a t i m e  ter, seccnds a f t e r  nominal engine shutdown. The i g n i -  
t%on  s t a t e  vec to r  ani! t i n e  are  i d e n t i c a l  t o  those  used I n  
t he  r c r e m n c e  t r a j e c t o r y .  

The rna t r i cc s  r e l a t e  s t 2 t e  v e c t o r  d e v i a t i o n s  which 
e x i s t  te;i seconds a f t e r  nominal eng ine  shu%down t o  v e h i c l e  
perforinance am3 gu lda rxc  system er rors  which occur d u r i n g  the 
burn arid t o  s t a t e  v e c t o r  d e v i a t i o n s  e x i s t i n g  ten seconds p r i o r  
t o  norninzl engine i g n i t i o n ,  

bera for each r i a t r i x  represer i t  t h e  f i rs t  colucm of t h e  R a t r i x ,  
t h e  next  s i x  nunbcrs  r e p r e s e n t  the second column e t c .  Kote 
t ha t  t h e  deck was not punched in t h e  forsat . requestecl  by 

The c a r d s  were punched such  t h e t  t h e  first six nun- 
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a Mr. I?, L. Berry - 2 -  August 8, 1967 

Mr. G. T. Olah. 
than  row wise. 
d i f f e r e n t  from t h a t  reques ted .  
were n o t  punched. 
element to t h e  colurnns foi* 6 EP and +Ap.  
Ere i d e n t i c a l l y  zero f o r  t h e  SCS AV mode. 
a r e  i n  f a c t ,  v e l o c i t y  d e v i a t i o n s  are in feci: per  second ar,d 
mass (weight )  d e v i a t i o n s  arc i n  s l u g s .  

The m a t r i c e s  are punched coluntn wise ra ther  
The number of q u a n t i t i e s  or! each ca r6  i s  a l s o  

The Q W k ,  4wT;, and OxP m a t r i c e s  

and +WE 
P o s i t i o n  dcv la t l ons  

Otlp-has, however, been added as a s e v e n t h  
Note t h a t  

The AV counter error vms a c t u a l l y  cioclcled a s  a cievf 
a t i o n  i n  t h e  engim c u t o f f  time. Consequently, the  est i rp teer !  
d e v i a t i o n  due  t o  this e r ro r  sotirce i s  equal  t o  t h e  a c t u a l  
d e v i a t i o n .  The e r r o r  s o u m e  incl.uiies ef f 'ccts such a s  acce1.- 
crometer b i a s ,  as tiell. 8 s  errors i n  t h e  OV coun te r  circultry, 
most of which are not  sensed ,  If you i n t e n d  t o  usc the c s t l -  
mated s t a t e  a t  t h e  end of YE1 (say, as a p r i o r i  da ta  for a 
n a v i g r t i o n  upciate), i? b e t t e r  approxination would be o b t a i n e d  
by s e t t i n g  t h e  co~un,n i n  OEP corrcspor-ding t o  t h e  AV c o u n t e r  
unceTta in ty  t o  zero .  T h i s  ) E O U ~ ~  have the e f f e c t  of m a k i n g  
t h e  e m o r  complctcly on u n c e r t a i n t y  which is very c l o s e  t o  
what  would be obta ined  if' t h e  c o n t r i b u t o r s  t o  t h i s  error were 
modeled c o n p l e t e l y .  

If you require any additional in format fon  concern ing  
these matrices please c a l l  me. 

Very  truly yours ,  

? 5 ORIGINAL SIGNED BY 

2012-DAC-vh D. A ,  Corey  

Enc losu res  
1. 
2. L i s t i n g  of t r a n s i t i o n  matrices 
3 .  
4. 

Funched deck of t r a n s i t i o n  raatrices 

List of error source va lues  assmed  
Vehic le  s t a t e  vec tor  a t  TEX i g n i t i o n  
and t e n  scconds after enEinc  shutclown 

Copy (wi thout  Enclosure 1) t o  
Messrs. A. P. Boysen, Jr. 

J. 0. C a p p e l l a r i ,  Jr. 
k'; C. H i t t i n g e r  . C e n t r a l  F i l e s  
V. S. Mummert * . Department 1023+.-.CoPy TO 

I. M. Ross 
R .  V. Sperry 
R .  L .  Wagner d 

S B. G .  N ied fe ld t  
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E n c l o s u r e  2 
LISTIXG OF TRANSiTiON MAT'RICES K 

m-7 - 
101 501: PAT scs av NODE 

. .  . .  -. 
. .  . .. - 

. .  
. .  . .  . 

.x 
- .. . .. - 

-:97656244-04 o24413690-04 ,  

0 4 8 8 2 8 3 1 1 - 0 4 ,  - 0  34 1 4  1 5 4  1-33 

- 6 5 5 1 9 1 8 8 - 0 1 ,  - .10084839-03 ,  

o44287103-04 ,  066711425-$5 ,  

99071631-00  9 066833495-05 ,  

919  17481+0 1, 098917846-00 ,  

034667962-02 ,  56146239-21  3 

043798827-04 ,  .66101073-05 ,  

. 91?16015+01 ,  098893432-00 ,  
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‘ Y 4  . ENCLOSURE 2 - 2 -  

. 0 0 0 0 0 0 0 0  9 . O C O O G 0 0 0  9 

. O G 0 0 0 0 ~ 0  9 

.oo, 

.oo, 
. 00000000  9 

.9C!O@000C 9 

.oo , 
_-- . .  - 

- . 6 4 8 5 0 9 5 5 + 0 1 ,  

‘ . 8 0 2 7 8 0 2 5 + 0 1 9  . 1 1 7 6 8 k 6 3 + 0 4 9  
.oo, 

- o 4 5 5 3 1 5 8 @ - 3 0 ,  
-1’. 7 8 0 19 -0 3 
- . 4 5 5 3 !  58C-00  9 

-1.78019-03. 
5 2 1 7c) 57L+0 2 9 

-1.52588-05 
- 2 1 7 2  8 8 11 +o 2 ,  
-1.52588-05 

. Q 0 0 0 0 0 0 0  9 

.oo , 

0 2 2 8 0 8 6 2 9 - 0 1 ,  
- -. 

- . 1 4 3 2 0 2 2 1 - 0 0 9  

. 00000000  9 

- 1 C4 1 4  0 1 1 + 0 4  9 

.oo,  

. 1 4 5 1 3 9 2 6 + 0 2 ,  

- 0  9 5 7 9 3 7 8 0 - 0 3  i 
.-- 

0 6 1 6 5 1 8 0 6 - 0 2  9 

.0c)cooooo 9 

. cooooooo 9 

.03c)0O000 9 

.nono0@00 9 

. r !0000~00 9 

. 000@000@ 9 

- . 2 2 7 3 8 7 3 5 - 0 0 ,  

.oo , 

.oo, 

.oo, 

.oo, 

.oo, 

.oo, 

-1.78019-03 

-1.78019-03 

-1.52588-05 

- . 2 2 7 3 8 7 3 5 - 0 0  9 

. 2 9 5 6 6 i 9 8 + 0 2 ,  

.oooooooo 9 

.oooooooo 9 

. 0 0 0 0 0 0 0 0  9 

. -  . O O @ O r ? 0 0 @  9 

0 5 6 7 3 3 4 0 8 - 0 1 ,  
, .  
v :  - 
.-. - .  

. - .  . .  . .. . . ___ . . ._ - . -. . . . . z- - .. . . .. . . .- . - 
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O~On000CI0  , 
.oo  
0 0 ~ 0 0 0 0 0 0  9 

.oo 
000090000 9 

.oo 
- . 2 8 1 . 0 6 2 9 6 + 0 2 ,  
-1.15806 i-00 
- . 1 5 4 9 0 7 9 7 + 0 1 ,  
-1.52893 -04 

. 8 4 6 3 5 4 5 1 + 0 1 ,  
6.50236 - 0 1  

7.72455 - 0 1  
* ? 0 5 4 3 7 0 1 + 0 2 ,  

- -. 

0 0 0 0 0 0 0 0 0  9 

.oooooooo 9 

0 1 4 5 1 3 9 2 6 + 0 2 ,  

\ 
- 0 2 4 5 5 0 7 0 4 - 0 3 , 1  

- 0 9 5 7 9 3 7 8 8 - 0 3 9  
I 
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ENCLOSU3IE 3 - ERROR SOURC3 VALUES (1 SIGNA) 8 

C0lu;nn XO. 

1. 

. ,2. 

3 -  

4 .  

5. 

-6. 

' I  
1 .  

E r r o r  Source . Value  

R o l l  Gyro g s e n s i t i v e  d r i f t  3O/hr/g 

Y a w  Gyro g s e n s i t i v e  d r i f . t  3O/hr/g 

P i t c h  Gyro g s e n s i t i v e  d r i f t  3O/hr/g 

I n i t i a l  misal ignment  about  0.50 

I n i t i a l  misal ignment  about  . 0.50 

body roll axis  

body yaw a x i s  

I n i t i a l  misal ignment  about  0 . 5 O  
body p i t c h  ax i s  

Accelerometer  misal ignment  0.06" 
i n  y;-:; p l a n e  

i 
I a .  Accelerometer  m i s a l i g n n e n t  0.060 

1 
1 I 9 .  Cen te r  o f  g r a v i t y  u n c e r t a i n t y  1. (1) 
\ 

t 

i i n  p i t c h  p l a n e  

i n  t h e  yaw p l a n e  

- 1 0 .  Cen te r  of  g r a v i t y  u n c e r t a i n t y  1. 
L i n  t h e  p i t c h  p l a n e  f 
; 

11. I R o l l  gy ro  c o n s t a n t  d r i f t  2.333O/hr ( 2 )  

12 .  Y a w  g y r o  c o n s t a n t  d r i f t  2.333'/hr ( 2 )  

13 P i t c h  gyro c o n s t a n t  d r i f t  2.333'/hr ( 2 )  
I 

- 
- _  

NOTES : 

! 
I .  

(1) The v a l u e  o f  1 for t h e  c e n t e r  of g r a v i t y  u n c e r t a i n t y  
comzsponds  t o  . 5 O  u n c e r t a i n t y .  The r e a c t i o n  of t h e  
c o n t r o l  system t o  t h e  r e s u l t i n g  t o r q u e  i s  concluded .  

( 2 )  The gyros were assumed t o  have been d r i f t i n g  f o r  
30 minutes  p r i o r  t o  i g n i t i o n  

. .  . .  . I  



n ZELiCOIi.;ull,  lsc. 

ENCLOS'ii3E 3 Contd.  

14. 

1 5  

16. 

1 7  

- 2 -  

D e l t a  V counter  u n c e r t a l n t y .  1 

Thrust unc e - l t a in ty  200 lb.. 

S p e c i f i c  i m p u l s e  unceTta in ty  3.14899 

I n i t i a l  mass u n c e r t a i n t y  1 0 . 2 4 4  

( 3 )  

I 
see 

s l u g s  '1 

NOTE : 

( 3 )  "he v a l u e  of 1 for t h e  AV c o u n t e r  u n c e r t a i n t y  
co r re sponds  t o  2 AV e r r o r . o f  ,43331 of t h e  maneuver 
AV ( = 1 1 . 5 0 2 9 1 3  f p s )  
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n- i3~rLL,CO;v;Mv:, Ixc. . 

E N C i J O S E Z  4 - Vehic le  S t a t e  Vsctors 

T E i  Engine I & r . i t i o n  

x = 745605.87 Y = 5655406.6 

Y = 437.90386 

10 Seconds P a s t  YE1 Engine Cutoff 

Tine = 1?9-6?6 Seconds After i g n i t i o n  

x = 1515511.6 Y = 5558757.1 
= 7729.8869 Y -1217.1027 

NZSS = 788.25121 slugs 

I .  

8 ._ , . .  

.- -7 
.I 

Z = 2392799.8 
= -595.10426 

I 

r 

. .  . .  
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